Software measurement is widely recognized as an essential part of understanding, controlling, monitoring, predicting, and evaluating software development and maintenance projects. Both, software process improvement (SPI) and software measurement literature include many case studies of successful companies and descriptions of their measurement programs. However, there are still concerns on how to design efficient strategic measurement programs. These concerns include the lack of involvement of the SEO's personnel, bad alignment with its strategy and improvement initiative, difficulty to justify the utility of using standards or improvement initiatives, etc. All of the former results in inadequate measurement programs that often lead to poor decisions and economic loss. This paper describes a pilot study to observe and analyze the operation of measurement teams when using measurement methods such as Balanced Objective-Quantifiers Method (BOQM),
Introduction
If you can't measure it, you can't manage it. This saying is often used as a means to urge a Software Engineering Organization (SEO 1 ) to define and implement measurement programs. In the past few years, several sources have described how measurement programs helped SEOs to improve the quality their processes and products (Mcloone and Rohde, 2007; Qi, 2007; El-Emam, 2007; Diaz-Ley et al., 2008; Gresse et al., 2003; Daskalantonakis, 1992) . Today, there is a common agreement on that measurement programs help to support larger and continuous process and product improvement. Despite the popularity of measurement programs, cases in which these programs are not clearly conceptualized and therefore, fail to accomplish their intended purposes have also been observed. Many factors contribute to the former. For example, Asgarkhani (2006) discusses that the lack of awareness of the benefit of a measurement program from the SEO's personnel, leads to a lack of commitment in its design and implementation.
Additionally, designing measurement programs for effective decision-making at all SEOs' organizational 1 A Software Engineering Organization (SEO) is an organization with effective management and improvement of internal processes in software development, operation and maintenance. Term introduced by Garcia et al. (2010) .
levels is recognized as difficult task (Mathiassen et al., 2005) . Alignment with business objectives (Basili et al., 2007 and 2010) , justification of the benefits of improvement initiatives (Laporte et al., 2008) , and integration of the strategic plan (Tuan et al., 2006) are often issues mentioned in designing effective measurement programs for SEOs. All the former becomes relevant because poorly designed measurement programs could cause problems such as bad decision-making and economic loss (Basili et al., 2007 and 2010; Tuan et al., 2006) .
Fortunately, we are learning that an integral software measurement program with a SEO's business strategy is more likely to provide data to support decision-making (Basili et al., 2007 and 2010) . However, we consider that it is not clear how to facilitate the design of measurement programs that reflect the progress toward SEOs' business goals at different organizational levels. Hereafter, these measurement programs will be called strategic measurement program.
In order to provide some insight into how to facilitate the design of strategic measurement programs, we report in this paper the results of a pilot study we performed with the purpose of identifying the common difficulties and problems. The study was carried out in an academic setting to observe and analyze the operation of measurement teams when designing a strategic measurement program with the following measure-
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and the BSC&GQ[i]M (Balanced
This information will help in achieving our main research goal, evaluate and find suggestions to design a strategic measurement program aligned correctly with the strategic goals, for effective decision making at all organization levels and justify the utilities or benefits of integrating improvement initiatives. The organization of this article is as follows: in the next section we describe the methods and their importance. The following section shows the details of the pilot study. The fourth section presents the threats to validity of this pilot study. The last section presents the conclusions.
Overview of the selected measurement methods
In this section, we present an overview of the measurement methods used in our pilot study and discuss the reasons why we selected them. In order to support our selection criteria, we also present a comparison of all of them with the ISO/IEC 15939 -a well-known and widely used standard for measurement processes in software engineering (ISO/IEC 15939, 2007) . The comparison considers the support provided by the selected methods with regard to the measurement process' activities and tasks defined by this standard.
Practical Software Measurement (PSM)
Practical Software Measurement (PSM) (McGarry et al., 2002; PSM 2006; Prasad et al., 2009 ) is a measurement framework developed in 1994 by the Joint Logistics Commanders, Joint Group on Systems Engineering (JLC-JGSE). Although PSM was initially created to support the software project management needs of the JLC-JGSE, later on it was extended to cover more measurement requirements. Particularly, those retrieved from project experiences of the US Army Armament Research, Development and Engineering Center (AR-DEC) and the Department of Defense (DoD). At present PSM is still being used by the mentioned organizations. PSM provides measurement users (i.e., project and technical managers) with quantitative information to support decision-making at several levels of a SEO. The framework incorporates the use of multiple measures and indicators to identify and evaluate information needs, including issues, risks and problems (McGarry et al., 2002) . PSM makes it easy to show, in terms of systemic cause and effect relationships, how measurement can be tailored to satisfy the needs of measurement users. Thus, PSM works also as an impact analyzer.
As mentioned before, PSM is based on actual measurement experience of government and industry organizations. An aspect to highlight is that most of the PSM concepts have been formalized in the process measurement standard ISO/IEC 15939, and adopted in the Measurement and Analysis Process Area of CMMI (SEI, 2006) . Additionally, it is known that over five thousand people around the world have been trained in PSM (Card, 2003) . All this makes PSM a mature measurement framework and promoted its selection to support our pilot study.
Balanced scorecard and goal-driven measurement
The Balanced Scorecard and Goal-Driven Measurement (BSC&GQ[I]M) (Goethert and Ficher, 2003; Goethert and Siviy, 2004 ) is a formal measurement methodology defined by the Software Engineering Institute (SEI) in 2003. In 2004, the SEI's Software Engineering Measurement and Analysis (SEMA-SEI) updated it to improve the analysis and collection of measurement information.
BSC&GQ [I] M is based on the Balanced ScoreCard framework (BSC) (Kaplan and Norton, 2006) and the Goal Question Indicator Metric Approach (GQ[I]M) (Park et al., 1996) methods. GQ[I]M, the improved version of GQM (Basili and Weiss, 1984; Basili et al., 1994) , supports the translation of strategic organization's objectives into measures and indicators as well as the their justification through goals-questions-measures. On the other hand, BSC helps to determine how well the strategic objectives are achieved and delimited into vision by refining the previous information into four main perspectives: financial, customer, internal business, and learning & growth. This refinement makes it easier in BSC&GQ[I]M to see how value is created in an organization by means of cause-effect relationships among the indicators identified across the four perspectives.
It is recognized that use of BSC&GQ[I]M provides a systematic way to obtain measures and indicators reflecting the health and performance of an organization (Goethert and Ficher, 2003) . Additionally, several sources report the widespread use of BSC and GQM. BSC is used by 70% of companies in the US (Johnson and Beiman, 2007) and by 65% of top companies of New Zealand (Blundell et al., 2003) . GQM is the second measurement method used by the SEI customers (Kasunic, 2006) . Of these customers, 67.2% use it in combination with the measurement and analysis (M&A) process of CMMI. It is noteworthy that BSC&GQ[I]M can support the M&A process of CMMI with its measurement template (Goethert and Siviy, 2004) . All these reasons justify the selection of BSC&GQ[I]M for our pilot study.
Balanced Objective-Quantifiers Method (BOQM)
The Balanced Objective-Quantifiers Method (BOQM) (Mitre et al., 2011; García et al., 2010 ) is a measurement method developed by the Software Engineering Lab at Carlos III University of Madrid. BOQM is based on a set of widely used and mature measurement methods, namely GQM, PSM, BSC and the standard ISO/IEC 15939:2007.
BOQM defines a process driven by the SEO's key roles to design, implement, and control a quantitative strategy through indicators aligned with strategic objectives, through BSC and GQM principles. Additionally, the inclusion of PSM and ISO/IEC 15939:2007 enables the use of an information model, which defines the kinds of metrics and indicators frequently used in measurement systems and relationships between them. Thus it promotes the collection of good-quality measurement information (Staron et al., 2010) .
BOQM has a successful case study in which common measurement program problems were minimized. Such problems include (1) the lack of alignment among strategic goals, SPI initiatives and measurement plans, (2) bad synergy between the roles involved in the strategic plan design and the measurement plans, (3) misuse of pre-existing knowledge for strategic plan design and (4) no communication of measurement information to all decision-making levels within a SEO (Mitre et al., 2011; García et al., 2010) . The above made BOQM worthy of consideration for the realization of our pilot study. Tables 1 and 2 show this information. We use the symbol "-" to denote no coverage and the symbol "*" to denote coverage.
It is important to highlight that, despite the fact that BSC&GQ[I]M and BOQM do not completely cover the activities and tasks defined by the ISO/IEC 15939 standard, we believe that both methods are worthy of consideration because they deliver an important value to the measurement process by: a) considering different organizational perspectives (i.e. financial control, customer satisfaction, internal process, learning and growth) of the BSC to determine how well the strategic objectives are achieved across them, b) defining strategic objectives based on the vision of the organization.
Description of the pilot study
The goal of this pilot study was to analyze the use of BOQM, BSC&GQ[I]M and PSM in work teams of students of Master in Science and Information Technology from Carlos III University of Madrid, with the specific research objectives of identifying difficulties and/or problems of all methods. By identifying these difficulties and/or problems we want to offer guidelines to:
1. Align correctly the strategic goals with a measurement program.
2. Design a precise measurement program for effective decision making at all the levels of an organization.
3. Justify the utilities or benefits of integrating improvement initiatives in a business strategy.
In the following subsections, the experimental method and the data collection techniques are described. Moreover, the entire process -the design of the pilot study, its execution and the analysis and interpretation of data-will be described in detailed. 
Method
The experimental method used to achieve the research goals was based on the methodology of Wohlin et al. (2012) for software engineering research. Moreover, for data collection, the Seaman (1999) technique of observations was applied to the tutorials and reviews, and explanatory surveys explanatory were conducted (Wohlin et al., 2012) for the purpose of collecting information of learning, utility and performance of BOQM, PSM and BSC&GQ[I]M. Furthermore, some recommendations of the guidelines established by Jedlitschka and Pfahl (2005) , were applied and adapted for the purpose of this investigation.
Context
The context of the pilot study describes all the elements needed to perform the controlled experiment, such as the independent variables, the subjects participating in the experimentation process, and objects that use these subjects to perform the activities of the experiment.
The pilot study was conducted in the field of a process management course during the first term of the Master's in Science and Information Technology at the University Carlos III of Madrid, the best master's in computer science in the technology area in Spain (Periodico El Mundo, 2010).
Three lecturers, P1, P2 and P3 (Professor 1 to 3), were chosen to teach a different measurement method to a class, without expressing any preference for one particular method. These lecturers were selected based on their knowledge and similar experience. The classes were of two hours' duration and, as mentioned before, the methods taught were: BOQM (taught by P1), BSC&GQ[I]M (taught by P2) and PSM (taught by P3).
After these classes, four teams of students with similar skills and experience were formed according with the measurement abilities (these were also similar). The teams and the method they chose are described below.
• Team A. This team chose the method BOQM and comprised two members: the subjects A1 and A2.
• Team B. This team also selected BOQM and consisted of two students: subjects B1 and B2. In order to not promote any preference for a particular method, we established a common context for all measurement methods considered. This common context is defined by the independent variables of the experiment, which are described in Table 3 . The results for these independent variables are shown in Table 4 . As we can see, the experience and knowledge of the lecturers are quite similar. However, in the case of the students, only two of them differ from the others in experience. Specifically, B2 with 11 years' experience in software engineering and D2 with 5 years' experience in software development. The training time was the same for all methods and the provided material had a similar format for all the methods and a common case study scenario for all the teams.
Summarizing, the results of the independent variables are similar enough and did not represent a bias for a particular method, that is, we used a generic base line to get reliable results during the pilot study.
The materials provided to support the pilot study are described below in a detailed way.
• Experience and skills gleaned from the curricula of teachers with regard to measurement of software products and processes and software process improvement
Experience and skills of students VI1.2
Experience and skills gleaned from surveys of students in regard to measuring software products and processes, software engineering and software development. Training time per method VI1.3 It is time to conduct classes for students by method.
Material to monitoring the methods VI1.4
The descriptions of the practical case of a real SEO same for all works. For each method: the references, documentation of follow-up activities, templates for presenting the measurement program, templates for indicators are given to students.
• At the organizational level: the Development, ERP, CRM, KM, e-Business, Commerce and Logistics, and DTS divisions.
• At the CMMI process areas level, process areas Requirements Development (RD), Project Planning (PP) Requirements Management (REQM) and Quality Assurance Process and Product (PPQA).
• Documentation of the activities to follow to complete the work of each method.
• Template to present the results of the measurement program.
• Template for presenting the indicators.
The explanatory survey was applied to all students after the work. The purpose was to collect information
Plan
To achieve the research goal it is necessary to design variables that are directly related to:
• Comprehension. The ability to understand the measurement method.
• Utility. The perception of the usefulness of the measurement information for decision-making at all levels.
• Performance. The performance of design indicators and the measurement program. • Comprehension. To measure the learning skills of the purpose of experimentation, we defined the category of comprehension of the measurement method. The purpose of this category is to measure the degree of understanding (learning) that the pupil had with respect to the method used to design the measurement program. This meant getting an average percentage of variables designed to determine if the student understood.
• The limitations of the method compared to the capacity to generate measurement information for projects if the information is designed based on the vision and strategy of the SEO and / or in a competitive environment. This variable was defined as comprehension of the purpose of the method (VE1.1) and its corresponding questions are listed in Table 5 .
• The measurement features of the method that can be applied with your method to define indicators. It was possible to define the variable comprehension of the method (VE1.2). The relevant questions are shown in Table 5 .
• The use of measurement information that this method can provide to participants of a software engineering organization (SEO), that is, if you know the features provided information to the measuring equipment and all levels of the SEO. The variable was defined as comprehension of the use of the information (VE1.3) (see Table 5 ).
The specific benefits of the method in relation to strategic management, process improvement, and measurement of software products and processes were considered. From this point, we were able to define the variable comprehension of the benefits of information (VE1.4) (see Table 5 ).
Utility
To measure the use of the method´s information by all roles involved in an effective way, and among the strategic management process aligned with software process improvement, we defined the utility method information category. This category sought, from the students' perspective and in percentage terms, the usefulness of the measurement program design and indicators on software products and processes, and participation of the roles involved in the strategy to all organizational levels of the software engineering organization (SEO). Specifically, the variables were designed to obtain a percentage of income:
• Data to measure progress and compliance with the objectives of the SEO, decision-making and conduct of a competitive strategy. The variable that was designed to measure this information is the utility method information (VE2.1) (see questions in Table 6 ).
• Indicators to adjust and meet the needs of measuring the context of the practical case. The variable that was designed to measure this is the accuracy of the information of method in the practical case (VE2.2) (see questions in Table 6 ).
• The procedures and documents for the collection and analysis of measurement data. The defined variable Table 6 ).
• Reports to inform and enable regular monitoring and decision making of senior management, tactical command and project managers. The variable to measure is the use of information for reporting to all levels of the SEO (VE2.4) (see Table 6 ).
• Information to provide added value to products and processes of SO. The measured variable is the added value of use of information (VE2.5) (see Table 6 ).
Performance
To measure the time of designing the measurement information and indicators, that is, promptness of the design for each method, we defined the category of performance to design measurement information. To make this measurement it is necessary to know about:
• How long it took each team of students to create a measurement program, from the vision and mission of the SEO to strategic objectives, techniques and procedures to arrive at the definition of indicators and this particular program for each method. Given the above, we defined the variable, time to define the measurement program (VD1.1). The specifications of this variable as well as its description, the method of measurement, the measuring unit and scale can be seen in Table 7 .
• How long it takes to define indicators by work team.
To this effect, we defined the variable time to define indicators (VD1.2). The specifications are in Table 7. • Number of indicators per team designed to meet the measurement needs of decision makers. The variable defined for this measure was the number of indicators (VD1.3) (see specifications in Table 7 ).
• To measure the performance indicators is necessary to know how long it takes on average per team to design an indicator. The way to measure this is to divide the time to define the indicators per team by the number of indicators per team. This variable was defined as performance of indicators (VD1.6) and its specifications are listed in Table 7 .
However, during the pilot study, observations were made during the tutorials and reviews, only as additional data and for discussions. We identified two variables, the num. of tutorships and num. of reviews. The specifications listed in Table 7 .
The observations on students during the tutorships were conducted with the aim of collecting the experiences attended by the teams. The experiences regarding comprehension of the method, and how the method information facilitates the design of the measurement program and the indicators (see variable VD1.4 in table 7).
Observations were made during the reviews on the work of the teams. In the reviews, difficulties were collected properly during the design of the measurement program and indicators (see variable VD1.5 in table 7).
Data collection
In this pilot study, the execution of the main activities of the collection procedure and instrumentation are shown in the activity diagram of Figure 1 and described below:
• During the first activity and before teaching classes on the different methods, we planned to collect data Indicator/ Hr. 1..n from the curricula of teachers in the research group of the Software Engineering Laboratory (SEL-UC3M, Software Engineering Lab), University Carlos III Madrid. We selected three teachers with skills in measurement products and processes (MPP) and Software Process Improvement (SPI) with less than three years' experience (variable VI1.1 Table 4 ).
• After the teachers had taught the BOQM, PSM and PSM methods, using slides, (VI1.3 variable, table 4), we formed four teams and the researcher programmed the consulting and review periods After the teacher had trained the master group with presentations of the methods BOQM, PSM and PSM on slides (VI1.3 variable, table 4), we formed four teams and the researcher programmed the periods of consulting and reviews. We gave the following material to the teams (variable VI1.4 table 4): * Practical case of a real SEO * Checklists for implementing the CMMI * Documentation of the method activities * Measurement program template per method * Indicator template per method * References per method * Surveys for each student
• With the above material each team had to devise measurement programs and indicators during four months.
• While teams were designing their programs and indicators, the researcher was responsible for tutorships to teams and scheduled reviews of the work progress of work. Observations were made on tutorships of equipment and the reviews on progress of work.
• When the period of reviews, tutorships and the time schedule for completing the measurement program and its indicators were finished, then the work teams gave their work to the researcher and each student gave his corresponding completed survey to the researcher.
• From the surveys, we obtain the variables of experience and skills of the students in measuring software products and processes, software engineering and software development (variable VI1.2 Table 4 ). In addition, the variables of the categories of comprehension and utility of the surveys were collected (see variables in Table 5 and 6). Table 7 ).
Data analysis and results
The analysis procedure used for the work teams was the analysis of performance in the design of indicators, and duration for the design of the measurement program for all methods.
The procedure for data analysis in the surveys was a comparison between the averages for the categories of all organization levels, and Table 10 , Problems and difficulties to justify the utilities or benefits of integrating improvement initiatives in business strategy.
According to our discussions all problems can be categorized in the next knowledge areas: strategic management, business management, market analysis, and product and process measurement. In sum, there still some concerns without a validated solution, but considering improve the training plan with the mentioned problems and discussions can be an initial solution.
Threats to validity
In this section we discuss the main threats to validity of our pilot study. We consider that all of them have impact on four well-known types of threats to validity (Wohlin et al., 2012) : internal -how sure we are that the treatment of the pilot study actually caused the outcome, in this case the impact of the internal profile of students and teachers on the validity; external -how sure we are that we can generalize the results outside the scope of our study, in this case the selection procedure of students and teachers and grouping teams; construct -how to obtain the measures to find the problems and difficulties related to the utilities or benefits of integra- Students had some difficulties to understand the purpose of methods. We realized that even a welldocumented method is not enough to describe its purpose. Other factor that influence in bad comprehension of method purpose, is the lack of experience, especially on strategic management and business management. This happens due to the requirement of knowledge of some methods is beyond the knowledge of a software engineer. These students do not understand the purpose of methods to align strategic goals with indicators.
Comprehension VE1.1 Our main lack in this problem was the training program. Giving a class on deriving measurable pieces from strategic goals is easiest way to solve it.
The degree of adjustment of the indicators with the measuring needs and/or the strategic goals of the practical case is the accuracy that can offers the software engineers with the help of method. Quarter of students achieved 75% of this accuracy, this means, they failed to extract the quantifiable information from measurement needs and/or strategic goals in a correct way. Utility VE2.2 Each measurement template represent a measurable part of an strategic goal, so, if by each template the measurable portion is defined with its strategic goal, accurate information will be designed for each strategic goal.
Quarter of students had problems in time to define indicators. The speed to define an indicator hourly was doubled with the rest of the student teams. The main reason was because they do not use a mechanism to define indicators from a set of measures categorized and organized. Both the organization of the measures as well as the mechanism accelerates the process of defining indicators. Performance VD1.6 Time matters, but it not as important as the correctness of indicators. A set of measures organized as a tree of measures is beneficial to plot the best path that meets the measurement needs a strategic goal, this represent a correct alignment. Understand the methods and the characteristics that stand out over other methods, are the basis for knowing how to use and exploit its method. In one hand, in strategic measurement programs, the alignment of strategic goals and indicators directly influence the whole strategy achievement.
In other hand, understand how to design and obtain a result of measure (metric) is essential to design an indicator, this is known as a measurement method. Less than quarter of students failed to understand this alignment and the measurement method. Even the result is not serious, the reason is the lack of knowledge management strategic and product and process measurement.
Comprehension VE1.2 A value extracted from an electronic resource or hard copy source by applying a measurement method is a piece for decision makers. A correction without spotlight is shooting in dark. Our suggestion is to add the resource owner for effective correction.
Understanding the use of information is key to design effective measurement elements. The main measurement element is the measurement template (or measurement construct as known at ISO/IEC 15939), since it helps to collect information, build the indicator, informs to decision makers and how to achieve strategic goals. Quarter of students failed to understand the use of a template measurement. Once again, the reason is the lack of knowledge on product and process measurement.
Understanding the functions of the measurement template is basic.
The quality of indicators presented to decision makers depends on it.
Just quarter of students partially comprehend the utility of method information in what to expect from an external analysis. To lead a competitive strategy, strategic goals need to be defined from external factors, and the best way to discover such factors is making a market analysis. Anew, students fell into the same problem, lack of knowledge and experience of market analysis. Unexpectedly, almost all students do not comprehend the utility of method information to design a measurement program (VE2.3). Collection and analysis procedures are the basic part of a measurement program, in the opinion of students, documents of methods analyzed were not enough to analyze and collect information, and even with methods based on the ISO/IEC 15939 procedures. In our opinion, students should have been studied the standard to discover its true potential.
Utility

VE2.3
The collection, analysis and report periods are very useful to inform to decision makers in time and with precise information. Designers must be clear about its utility for better design.
The different levels of decision making (directive, managerial, operational levels) into a SEO are pieces that maintain the whole strategy in control, without a report procedure to all decision making levels, the strategic goals are disconnected pieces without control. A method not prepared to inform to all levels, such as a classic method designed to report to project managers, will have problems of 75% of effectiveness of how information goes through SEO. Quarter of students confirm this assertion.
Utility
VE2.4
Here the picture is clear, if the reports are not designed for all decision making levels, then effectiveness of decisions will be badly affected throughout the organization.
The measurement program is composed by plans and procedures, but methods that its purpose is a competitive strategic measurement program, inserts more detailed information into a program such as: external and internal factors, improvement methods aligned with indicators, dashboards design for decision makers. This exhaustive required information provokes delays in program plan. Therefore half of students with this kind of method had delay problems. They doubled the time to define the strategic measurement program spending time especially on defining external and internal factors. ting improvement initiatives in business strategy, align correctly the strategic goals with the measurement program, design a precise measurement program for effective decision making at all organization levels; finally, conclusion -how to draw statistically correct conclusions based on qualitative measures.
Internal
Instrumentation. We observed that students requested more tutorships and reviews for BOQM teams due to the lack of strategic business knowledge. But, this had minor impact on results. This is why maturation issues are not important for the outcome of the study.
External
Profiles of the teachers. Even, we observed that the three professors selected from our research group SEL-UC3M had similar abilities their experience on measurement had minor impact on the results of students. TBD Profiles of the students. Regarding students, the selection of the students' profiles was crafted to be as homogenous as possible. This an important requirement to ensure that all of them have the same kind of organizational vision deal with some important aspects of the study, e.g. the alignment of measurement and the strategy. However, and because of the availability of students at the moment of the study, it was difficult to resolve the level of experience among certain students, i.e. student B2 --with 11 years of experience in software engineering, and student D2 --with 5 years experience in the development of software. Eventually, no student had experience in strategic management, of course it, was necessary, but its impact is homogeneous in the results.
Grouping of the students. Even though the master degree was considered good in Spain, the number of students was too small, about 13 students, so we did not get to create a good filter for this study. However, the measurement capabilities of four teams were very similar and therefore not considered a problem on the results of impact. TBD
Construct
Sample size. One of our mayor concerns is the sample size used in this pilot study because it impacts on the quality of the quantitative evidence to the support the hypotheses associated to our research goals. Increasing the sample size will enhance the generalizability of our findings.
Conclusion
The tools utilized. The tools used for this empirical study were: surveys to know the comprehension and utility of methods information, observations and reviews over delivered products (measurement program, templates and indicators) and during the tutorships, and a snapshot of strategy implementation in a determinate moment of a SEO.
All the discussed threats to validity of our pilot study are important. However, and despite them, we consider that the obtained results are valuable in our way to better understand the main problems and difficulties when defining strategic measurement programs. Many of the discussions provided in this paper are useful to design a strategic measurement program, especially for software engineers, strategists, market analysers, and top, middle and operative charges in a SEO. Knowing the benefits of the method information is easer to design and control the benefits of the whole strategy. Designing competitive strategic goals is a benefit resulting from a market analysis. Also, justifying improvement initiatives in business strategy is a benefit of aligning the practices or activities of improvement initiatives (e.g. CMMI, ISO/IEC 12207) with the resources used to get values in the measurement template (or measurement construct). Three quarters, or nearly all students do not understand the benefits of design a competitive strategic goals and justify improvement initiative in the strategy. Besides the lack of knowledge in strategic management, students do not know how to perform market analysis.
Comprehension VE1.4 An indicator represents a way to achieve a part of strategic goal and is used to control the action plan. In itself, the indicator is the cornerstone of a strategic management system, and the best way to justify the use of improvement initiatives is to noted what activities (or practice) and its resulting work product of the initiative was used to generate indicator measures. Thus, we can say that we are measuring the products of the initiative activities.
